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(57) [^^1 

A;^^l(iiii|ilHlSS 1 0 0 i^AMn-^Yin 
liJSS 1 1 0 ^*^7t^—/u K-^- Ktcifc 19 . A;^lliljiSi|ilHlSg 

m-ikm^h^ h^V-i/^^^PTSfCjzoTy — KNDa 

SlElKfc J: o -Cit«g(7)^^A;^«# V in <t S^fliJE V 

5o 
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±fE^ 1 (7511 1 h 7 V v'X ^ <r?$lJ^ffi^^i45±fE^ 

IS^ 2 <oM 1 i^aM h 7 i^-:^.^ ^ <D^Jfflli^g^^;^s±fEm i 

±fB^ 1 cos 2 h 7 V ^ <0$iJ®ffi^^;6S±iES 

<r>m2mmmh7'^i^:^^(Dmtim^i:imti^^tix\>^^ 

i: ±1d.m 1 2 hyl^i^:!^i'ff)mtim^t 



2 (OS 2 ^ 7 ^ (Dintim^ t (DfUKmm^ 

^)±y V^-V(Dtt. ±tESl irSaco^-r -y^^Vi/ 

[»*«7] ±tBSl iS2(OSl»«® h7^-i^^^ 
Otll;'3i«^-(OrBl(CSi^$ixTt^?.S 3 (75^-1' 

[ggJii^s] ±|Ey-fe7 h^- K<ot ±IESii:S 

2 (OS 2 vy>"j^^ (Dmt!m^^m'^(r>mm\c 

i:S2(0«JE;i5:en-?r'ix*iJfflliSS^^lcEn*D^n. ^^^tb 
{i^rKit-Zt.mmmM^:^^)-^^^ 1 (OmiE/S»£^m 
h 7 >■ v=;^ t S 2 <o«jE/mac^#l h 7 Vi?;^ ^ i , 

2 (0:AitfflS 1 «SM N 7 v^;^ t . 

±iaSi tS2(0«BE/«sS^m h7>'v?;^^<om;^^ 

IBS 1 (0«JE/fl;git^g| h 7 >i^:^^(omt>iil^f-^±m 
S 1 <Z)A?«ffflS 1 »«® h 7 V v';^ (^dl;'3iS^ 

±mm2<Dmf±/'mmmmhy>i^y-^(omtis^^ 

^±fES 2 (0:a?^fflS 1 »«a h 7 i^i^;^ ^ (73 W;'3SS^ 

s^-zu K^- K(7) t # , ±12:^1^^ t) #x.li]8Sf4±f5S 

1 <r>mj£/mk^^ h 7 V ^J' (oai;'3iSi^^±IES 1 
<oSi^«S h^v-:^;^^(oai:^*S^^(^SiggL. ±i5S 

2 (Z)«E/«jiE^^ h 7 ^(Dmti^lf-^±mm 2 

«)S 1 N7:^>?^;5'(7)ai;'3«8^tcaigg-r-5ft*« 

5ia«(0 3:/y?u— ^„ 

[»*JI10] ±iaSl(7>Si»«Mh7>'>':^^(Dtti 
±15S 1 (OS 2 h 7 ^ <oai:^4g^ 

±f2S 2 (OS 1 »«S h 7 v-:^^ ^ (om;'3ffi^ i ±s5S 

2<Dm2mmm\-7>'i^^^(Dm:f3mf-t<om\cmm^ 

y-ts/ h^- K(0<!:#. ±ISS 1 i:S2(o;:^-r 
S 1 i:S2(0;^^ 5'^v^^*^;Js^ii^^|g|ci*}t$ti-5 
[a*«l 1 ] ±ISSl iS2(OSi ^ttMh7>'v?^ 
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V±y h^-h'(Dt^. ±mf^3<D^-( -y^^i^m^i^ 

i3cm.^-v'\c^^mi:^^i.o\z.um^t\^^m^^i oib 
[0 0 0 1 1 

[0 0 0 2] 

[i^jgcosjff ] T.-^ □ ;/{t-§-ro U^MClt. Zti'f^ v'^ 
^I'im-^r^tiitli-^A/'D = ^ IC 3 yx"? u—'S'tm 

5„ il^fCitSjg^^tcSLfcA/D^v/^-^i: LT^^iJ 
®, *:rct477 3'v'3.Si:iq^tfix?,A/D3V^<— 

foO, roa(OA/D3>-^^— BP*>tii 

[0 0 0 3] 7 7 S/S^a-SA/D^ 

;^{t:/£i'«ottHlrogfe»;6s^Bl^<:T'ifo5„ cmos 
ESSoiS^Jc <t o T = (OSiSfb t fitMStt;^ 

«E/t^(7)x<7 2/=5r(cJ;2);?i-7ir2/ h;55A/D3W<— 



t roM^r+^^li*! LTtI^ e> 7 s/ f^lHlSStc: J; o -Ct'^ 

^«ffiSr+^^iiig-r5fci6(ctiitB|HlKSr2~3kiBE 
igSEiggi-5(75T% ti»fl;;^;!iS:*:#< ?ic5ffl[fiHcfc5o 

[0 0 0 4] wtl-(C*)-LT. -XWi Ta High-Speed CMOS 
Comparator with 8-b ResolutionJ IEEE Journal Solid 
-State Circuit, Vol. 27, NO. 2, February \992\Z.ii;.Xf}^ 

^ 'J-^ jV7'—^\z.^^ir^ CMOS miit<D=i>^<U'- 

[0 0 0 5] 0 7*4. ±is.:scm.i,zii^xmm^titL='>' 

(c, :Lco='>y<\^—■$'^t, pMOS h7i/v';^^' p 0, 
p 1,- p 2A^hts:^At)mmmmm^i 0 . pmosh 

7^'i^:^^P3, P4, P5, P6, nMOSH7>'v' 
;^^N1. N2, N3, N4, N 5 /4^ib/£'5 7 -y^lelgS 
2 0, S.I/pMQ S (-7 Vv^;^:? P 7. P8, P9, P 
10, nMOS h7>i^;^^N6, N7, N8, N 9 74^ 

[0 0 0 6] A;^Ml!lit*ilH!Sgl 0(C*3^^T, h7Vv' 
;^i?P 1 iP2;ei5||i!j*r5re^L, h7>'i^;^^P Oiis 
a^^ifc^ftcSbf^mSE^tt^i-^. h7 vv?;^^ p 1 

P2<D^~ hic^ti^ixAtim^v intmmmmvref 

[0 0 0 7] 7y^lH!8S2 OtCiSV^T, h7>'i^;^^'P 

4 i p 5 \%y~:^imm.w±.vcc<^m^m\cmm^fi. 

OSy y=f-m^%:m^-t^o h7>'v>^^'P4iP5© 
KWVfi; ■?:ti.-?r*tt7 5'5^liISS2 owai:^/— KND 
c , ND d (cSi^^ixTV^So h7 P 3f4 h7 

v-v'^^^ p 4(;i3fe?iJlc, h7^>':^^P 6f± h7>v^;^ 
^'P 5(C3g^iJ{cSM^*l., h7 Vv'^^ P 3 i: P 6(0y 

So h7 V-:;;:?.^N4 iN5(4, y— ^^J^ife^tt. y 

S7 3'^[H]K^1SfiSc1--5, h7V-:^;:^^N4 i:N5<0 K 

V>5o h7^'v';^:J'N l(i/— FN Da tNDcroPalJc: 
gi^^tt, h7>'-:^^^N2t4y— KNDb tNDd(7) 
rai-^i^$iXTl^5o h7V:^;^^'Nl tN2«oy-h 

7>'i^;^:J'N3»4. KND a iND b corelfcgll^ 

[0 0 0 8] 7i; 2/y7By7'3 o^c*^^^T, h7^'-:^ 
P 7 t P 8j4«ai«flEVcc<^«*&i6ltai;'3^S^=^Qro 

D i: coffllc h 7 N 6 i N 7 ?)Sil:?iJgi^$iXTV'' 
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8 t N 6 (T^y- h ;6S t t3 tB;^ffi^Q B $ V n 

;^jSg^-Q B t ^mm&G N D i: OftltC h ^ > v';:^ N 8 

«!:N9 755il:^|JS^^ttTv^;5o h ^ >^>^;^ ^ P i 0 i: N 
9CO->5^— hyii^t y^m^2 0(O^tiJ— KND d 

{Cg^J^^tL, h^:^v^><.i$^ P 9 <bN8(^>/- h;65t tt- 

fi. 9:yf^lHl5S2 0(Ott};^Jy— KNDc <hNDd(Ottl;^ 
[0 0 0 9] Iil8fi, lll7{<l^i-=3 WN-U-i5'<7)i(if^Sr 

^{t#CK;55/N^ U^yvot gp^^ 0 8 (d) 

t). ^ ^y^it^-CKt^xj—iy^jVCDt^. gp*?. 13 8 
( d ) *i tt S C « 4o V ^ T =3 u - ^ — 

[00 10] yir:y K(7:><^r ^y^lHlg§20{c 

^P 3 i: P 6;65^a4^tffi(c:fc6o rcofcJ^. y-KND 

KND b^>?3^'9gi$ix6o KND c ^ND d;55^ 

t)(cmai«i±Vcct-:7^y ^-r-v^^ixSo Sfc. y-K 
NDa irNDb;&s^atfe^tcfo;5 K ^ :/v^;^^ N 3 t;i J: 

4 i:N5flA;^Mltjit*i[H]SSl 0 tDA^^^«^LTV>6 

<D.x\ xtimmmm^n i o h ^ v>^;^ ^ n 4 i: n 5 

{c^r> p ir-r -So :i(Otzib^ V±yh^ 

-</Kc^i9#*)ofcfei:. ip-i^y •^5' K-=€~ K;6^C>Jt*5S 
Kt::^«9#t?ofc<lr#. N ^ Vv^^^^ N 3 ;65iiW-r 
Si<ht{-. h7:x>?;^i$^N4 ^N5(c^ix-ettA;^ffi 

jEVinis»mjEVref t(Dmmm\cjt>ctzmmmm^ 
mti. y-KNDa chNDb <topfl{cm{>z:^/55^ti:6o 
[00 1 1] US (d) {ZTjk-rXo^c^ ^uy^m^-c 

(7)^#. ^ :y^[HlSS2 0(c::fe^/^-r. hy>'iyy^^N 1 t 
N2;d5^iiL. h^>>?P^^N3;65j;g^'f-5^ :^5t. h 
7:/>^:^i$^P3i:P6;i5iS®f-r5o y-KN 
Dc<!:NDa. /— KND b NO d ;&5;ett-etLgi^$ 
tt. hy^i^y^^P 4. P5<»rN4, N5fcJ:oTCM 
OS(Dy yi^fBl^t^m^^th^o ^(7)7 ^/^IeIKIc: J: o 



K^<9#x.it:t^fcy — KND a <t N D b (7) PpT tc 

^ctiu^hfj:miiLmtmm$n. ffl;^i/-KNDc tN 

D d(Dmj±r^^'^^n^^ mh. y y^\B\^2 0{CX^ 

w\^(Dmj£m^^m^^n. ^<Dm^^ /-kndc 

[00121 yV yyy^y^S Ofi. y y^m^2 0 

K2 Ocom;fj/— KND c^^u-u^yK^:^'g^, 

n5o a^t-. yy'^m^2 0(Dmtl/—h^l^Ddt>^u-' 

[0 0 13] ±5SLfCct9l-. A;^ft-^Vinc!:S2fimH 
Vref t<DmMmzjt^\:^X. 7iy^*[HlSS2 0{;iJ:oT. 
yir:y>^- KOi:#^S»fL;65^^$tt. itl!^^- Kco 
tt. wCO^a^JfLtCjSCTm:^/— KND c iND d(^ 

u-^/u^^ia^^nSo Se>{e:, :7 y :y:/7n :y:/3 etc 

ctoT^ :y^lElSg2 0(D\^ti/— KND c i:ND d<7)® 
Sfc. ^:yf^lH]^2 0^;^ioV^T. iE»S[El8§(c J: o 
[0 0 1 41 

tt^o #t-:7 7i/v/zz-MA/D=i>>'^-i$^T-*iA;^^iK 

[0 0 15] *^?^fi. 75^7!)^5»1f(c^^T^^^Hfct 

^tv^ffl v^fc A/D =3 ^rffi^t-r 5 C t fcS>5o 

[001 6 1 

^<i:?rltl5L. ±l2A;^m^i:±ieS2i«-^t(0:^/hgi 



(0 0 171 *7t. :^mmx'{-i. ±iai*i^[E] 

±IE^Iil)«*SlHli^»m;^»<t^^5 Jt|E=Sr ^ ^ (C^ip $ 

[90 1 81 Sfc. *:^?a-Ctt. »ii(c:j4, ±my^y^ 
m 1 aicWM h 7 ^ (D$lJ^»ffl^;4s±IE^ 2 rom 1 » 

[0 0 191 ^fc. *:^P^-e«. »®(C(is ±15^1(73 
^ 1 h y >-v?^ ^ Wffi;^ig^ t ±iam 1 «ll 2 # 

iro;^-ryf^:/^^^T-i, ±ffiM 2 co^ 1 ^a® h 7 >' 
^ roa;^3jffi^ t ±fe|| 2 ro^ 2 Vy^^'yT.^ 

^^tsr^b. y-fe-y h*- K<z)t ±nmitm2 

Koirt, ±15*1 im2(0;^<s'f^^'ir*^ds#ji^^t 
7 >- ;^ ^ « m;^M8^^<o W fiSEi^ ^ tLT V ^ -5 ^ 3 <o ;^ >C 

[0 0 2 01 *7t. *^B^T-(i, ifigfcji, ±fa y -fe 
h^-Koi:t. ±s&mi t^2<D^2^mmhy:yi^ 

[00211 ^fc. *:^?^-Cfi. ifiUcji, ilEtSfiplH] 

thti-r^m 1 <r>mm/mM^^ h 7 vv';^ t m 2 05® 
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y>i?y^^t. tm2<Dmm/mmmiSihy:y 

(3 #;t lE]SSii±ia^ 1 coflljE/WM^^ h 7 >" v' 
x^'rotb;^j!g^Sr±|E^ 1 (O-^mmm l h y 

7V-:^;^^cotB;'3iffiT-<Sr±fS^2(DA?^;Hmi^«S h 
y>'i^^^cDtii:t}iQ^l,zm^L. K^-— Kcoir 

h 7 vi^^ ^rom;^)iST■^±ta^ 1 (Dig 1 h 7 v 

h 7 vi;';^ ^ otiS;'3i^^-S:±te^ 2 (©H i mmm hy>. 
[0 0 2 2] ^fc. *%0JT'lt. ±ie{S«plHl 

[0 0 2 31 *^PJ(i. A;^{t^col:JI L^-i/KC 

ij;i:fcx'(- v^^/i^T^"— ^^tii;'3-t"5A/D3>-y<— 
tLxmti-r^i^s.mmtn.m'f-t. ±i5A;^ft-§-i:±iE 

S^imffitSrttlffL. ^iSltlSs^mtcjc&CT^l 

±sd.:=:yy<iy—f(Ditmmm^^^\:^X. Ai^f^i^ 

w-r^i^^m^t. ±m^i^^mcx^x%w^t\.tz± 

[0 0 2 41 

[i§e^(75^js<^ff$ffii ^ 1 s^ifeff^^ 

■t^^mx-i>?>, *5IJfe?^ffi<0 3>'/<u 

— ^ti. A;^)MifiiiiBlHlSS 1 0 0. yi^KniKl 1 0 
St;57S'^Iel8Sl 2 0(CJ;-oT«fig$tl,TV^5o 
[0 0 2 51 A;^Mi!lii*ilHlK 1 0 0 p MO S h 7 
>i^;^^PTO. PTl. PT 2, fiU^nMOS h7> 
i^y^'f^NTl. NT2(Cj;oT^fi)c$4xTV^5o h 7 V 

-:>;^^PTl i:PT2{cj;oT^t!jj^;J5^fiK$ix, h7 
>'v^:5^^'PT icoy- htcA;^ft*Vin*s^i)n$ix, h 
7:/v>;=>i^'PT2oy— h{cSii«£EVref d5A;^$tt 

h7>-:^^^PT0tt, mW}Micwii¥mm%:m^-r 

•5«S{tjl2r«^LTV"'S. h7i^v^;^^NT 1 i:NT 2 
fl. hy:^i^:^^PT 1 tPT 2-om^$tiX\f>^mW) 
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[0 0 2 6] 7^;— /UKiElKl 1 Ofi. nMOS h7>^v^ 
;^i$^NT3, NT4. NT5, ^^Xf^^^ C 

1. C 2^CJ:oT«^^^^TV^5o h7>":^>^i$'NT 3 

i$^ PT 1 t PT 2C0 KW>f-^M^.tvTl/^5o h?:/ 
v^;^^ NT 3 t NT 4 (^y— h tC^J' n 5/ ^{f-^C K 1 7)5 

;^^NT 4(^y— h^vv^^^NTeco 
h^:/v^>^i?'NT 3(^y— ;^^c^^^i^Tv^ 
So h^Vv^;:^^?NT5 tNT6<^y— t 

>'><^x^NT 3(7)y-;^{cg^$n. 

^tb, ^^r/^°>'^C 2 0— :^(7)ail^^ h^^v/^^iJ^NT 

[0 0 2 7] ^:y^lH]5gl 2 0 Ji. pMOS h^>'S/;^ 
^PT3, PT4,.PT5, PT6, PT7^i;^nMO 
S h7:/v^:^i^NT 7, NT8, NT9, NTlOtCi 
oT«^$4^TV^5o h^Vv^y^^iJ^PT 3 i:PT4(7)y 

Ku-f ^(c^^$i^TV^-5o h^>'v^:^i^PT3 <lr PT 
4 O K >';a5^tL-€:*ixy - KND a i: ND b tcgj^^ 
ixTV^So h7>^v^>^^PT 5(iy— KNDa iNDb 

tcorslfcg^M^ttTV^So PT 5(7)y- h 

[0 0 2 8] h^>'>?;^i$'NT8 i:NT9(7)y— 

6o h7>'v^;^:$^NT8«tNT90KU^ V^d^^tL-t'tl 
/- KNDc ^NDdJdg^j^^ixTV^So V'7:yi>7.^ 
NT7ft h^>'v^;^^NT8lc3fe^iJ{;iSlgS$n. 
v?;^^NT 1 Of± >^v^;^^NT 9fC3fe^lJ(cSM$tL 
rv^^o h7>^v^^i$^NT 7 <^ NT 1 0C0>>'— htd^ n 
iyi5^m#CK2jd5pnJD^*xSo h7Vv^^^PT6;65y 
-KNDa <bNDc tcOP^ltC^^^tl. h^V>?^^P 
T 7;6Sy- KNDb t NDd <bcDPB^(cS^^iXTV>So 
hyVv^J^^J'PTe, PT 7<r)>5^— D 
K2 255ppjfjD$ttSa 

[0 0 2 9] Iil2f^. i^%mmm(ry^i^^<\^-^(nm\^ 

[00 30] III2 (b) t (c) (OT^-Ti^tC. ^ny 



6o (112 (a) {C7F:fA;^m'^Vin{C^LT. A:bmm 

ref i<7^1:/£^^-i^:^l:^/c^I^Jmi)S^ h^>'v^;^:5'NT 5 
i: N T 6 iCfift-r, h^>'v>;^^NT3i:NT4 
JStCfo^irt, h7>v^;=^^NT 1 <^NT 6, h^Vv^ 
;^^^NT 2 <b NT 5;!i)5^tl-?r*ix:^ l^l^h^ 7— [USSSrff^ 
^-r6<7)T% hy>^v^>^^NT5^NT6fCg{tn'5«Sft 
hy^^v^^^iJ'NT 1 i:NT 2{C^tl^m^{C 
XoX^^^o fiP^> n :y ^{f^CK 1 l^-^/U- 
(Dtt (02 (b) (C:fctt5TEFp1) . ^-/UKlHlSSl 
1 Of^ h^^y^V^^- K(Cfc»9. A;^^lfji:i*I[ElK 1 
0 0COtfci;^j|lllj{t-§-tCJSCT. h7^^i^>^i$^NT 5 tN 

[0 0 3 1] ^ u ^y^i^^'CK2t^y^^ l-^/U(Dt^\ 

T6<t:PT7;6S^^ii:|^gg(Cfc5o hy^^i^^^ 
NT 7 tNT 1 Ojas#ii^>cffi(CfcSo ZCDtzib^ y-K 

NDa irNDb;6^*iiit^S(-*>-5 h ^ V v^;^ P T 5 {d 

KNDcirNDdfi. -tix-t'ttaifimffiGNDtCll-t^/ 

[0 0 3 2] ^ ti y>^iS-^CKl^^V2^u^/U<Dt^ 
(1112 (b), fC:Jo^t'5HEfe^) . Tjx— /uKlHlKl 1 0 

7j^— 7U K-^e— K{c^^o Z(Dt^. h^:/v^>^^NT3 
<bNT4;d53f^»ii:t^ffiJ;^fca(D-C% C 1 i: C 

2icj;oT. A;^Mi(jlt*i(HlS&l 0 OfdctoTm;^^^ 

NT 5 t NT 6 (C. ^-rat)#Xli:BU(OM»I««S;65Sf£ 

[0 0 3 3] i^n-/>5^{t-^CK2;0Sn — 
9:y^lHlSgl 2 Ojmg?^— K{Cfe5o Cli^tt. 
>'v^;^^^PT5;65^2gii^bcfi|^Cfo^). h'yl^i^y^^PT 
etPT7/)mm^m\Ch^o h7>'v^;^^NT 
7 irNT 1 0;65^«iit^ffi{cfeSo r<7)fc«>, y-KN 
DatNDc. y- KNDb <!rNDd;ei5-ett-?:*tvSi!^ 
4x6o 122 id) liZ^'tX^itZhyl^i^:^^NT 5 tN 
T 6{zmtl^mWimmzft^CX^ y— KNOa^rNOb 

^^■f^iEmm{cx-:>x:i(omj£mm^^ti. 122 

(e) iiZTjk-f'XoiC^ y— KNDci^NDd. gptj^ ^ 

[00 34] (22 (b) <h (c) Jc^-T J: ^ {c. 

LV^itg5^^255^C>ixS;5^. ^oty^ft-^CK 1 irCK 
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oT. ^ y^it-^CKl tCK 2 (DiiLn-TM^^C^ 
KlHlK 1 1 0;65 7j^— yi- K^— K(7)ir y y 

Kl i:CK2fl[2l3 (a) t (b) {ZTrk-T X 0 ^£ ^ ^ ^ 

[00351 113 (a) t (b) i,C^irX^{C^ ^ u y 
^ft-^CK 1 ;&5n — u^/U(7)Pp1, ip-^, 7f;—>^u Kings 1 

:y^[ElSSl 2 0;65y .ir:y h^— K;)^ titU-^t— KtCA 

#t?oT. wtl(c:/^;CT^:y^lHl8Sl 2 0;65it|!5^- K 
lElKl 1 0;65 h^rv^^V^^-Kcor^l. h^^v^;^^N 
/UflT*#/c^</j^^p ^aii-6*|g0J(D^2(7)*ifeff^«g 

[0 0 3 6] )ix±wimLtixo{z^ ^mmmmj^xti 

IS. A:^jMl!ii«i|@lHlKi 0 0(cJ:oTA;^{t^Vin^S 

1 1 0 :d^7t^-/u K^- Kicfc 9 , A:hmW}m^^^ 1 0 
0{cioTai;'J$4^7t^t(I«J^;!l>=3e•r/^•v-^c itC2 
fdioT^ri^^tl^o ^:y^[ElKl 2 0(C:fcV^T. y 

i^v±yh^th. mm^mKi)^ hy^i^y^^PT 5{z 

io-Cy- KND a tNDb;d5(5(?|^fl;{i«C{S:}$^n 

6. Jt8^^~ K(7)i: #7}^— /u KlHlSSl 1- 0 I:: J; oTi^J^ 
^tLfc^mjEtcrti^CTy- KND a t ND b tcm{4^;i>^* 

in<!:S2gmflEVref t OSff^tC/C Cfcx ^ i^i^'/UT^- 
[0 0 3 7] m2^jfe?F^^ 

-^(^. A;^lii!ji«i!g[ElS&l 0 0. 4^-/UK(H]^l 3 0 
&0^^5/^[H]Kl 2 0{cJ:oTlt^$tl.TV>^o 

vxN-u-^(c:i!i-<^<5:, KIhIK l 3 0 Sr^v^T. 

A;^^l!liiiig|HlK 1 0 0 ^ :y ^[e)K 1 2 0 fi. 

[00 38] H) 4 JC^-r J: 9 JJ^— Kiggg 130 
fi. nMOS h^Vv^^iJ^NT 3, NT4. NTS, N 
TSSU^pMOS h7>^i^^i^PT8, PT9, PTl 



0. PTll, PTl 2, PT 1 3S.t/^^^^'>'^$^C 

1. C2(Cj:oT«fiK^tl-CV>5o 

;^^NT 3 t NT4(1. >y^>'^^T-^«^L. h 
^Z/v^;^:^'' PT 1 0, PTll, PT12, PT13(i: 

*i(Hissi 0 o<Dmtims.^^^'r^tziib\c^i,irhtix\^^ 

[0 0 3 9] h7>v>>^^NT3, NT 4 <7> K W V;^^ 

5o ^^^^'v'^J'C 1 ;65-::^<7:>^<g;!5s j.^ v^:;^y<;^$'NT 3 

[0 0 4 0] N7>^>^;^:^PT8, PT12XT^NT5 

H V cc <t g^ifil;{4 G N D <t (7) FpI tt^iJS^ ^ tl T V ^ ^ o 
h^^^v?;^i?PT8tPT9 ;6S^tt-?r'tti$^-Y Kg^J^ 
gp^. hT:/i/>'^^PT8(7)y— ^^/ji^saimjEv 

So >^ V'::/;^^PT'P2(7)y-->^;6^ hy:/v^;^^PT 

i^PT 1 3(D)/-':^ti^ hy l^i^:^^ PT 9 (oy--:^t K 

PTl 2 tPTl 3 0y-h(Ci5^D5/^it-^CKl(7)S 

[004 1] h^Vv^J^i^NTS^T) KU>f h^Vv? 
^^PT 1 2 60 KW^Jc^^^tt, y-^^Sg^ift^ 

ti. h^^^v^;^^NT6 0 KU'-f h 9 ^^v^:^ ^ P T 
1 3(0 Ki/-^>(;igg|^tL. y-^;55gJfe^i^TV^5o 

*fc. h^>'v^>^^$^NT5a)y- h7 Vv^;^^?NT 
40y — ^(cS^^tb. Vv^^^^NT 6(Dy— 

[0 04 2] hy^i^y^^PTlOCDh^l^-^^Tli^hy^ 
i^:^^PT 1 2(Dh*U^l^{cmm^tl^ V—y^t'^yy^ 
dlSg 1 2 0<oy- KND a {Cg^^^tt. Yyl^^V'^^^P 
T 1 10 Ki^'O';^^ hT>'v^;^:5^ PT 1 3 co Ku-fXC 

g^^^n. y— 5/^0^1 2 0(7)y— KND b(c 
Sgg^nrv^-So hy^-i^;^^ PT 1 0 ir PT 1 

[0 0 4 3] £AT. ^HJSJgffic^^^^^'^u— ^Oi&mc 
ol^TI^5g■r5p /i^— /u KlElK 1 3 0 Jl. ^n-/^{t-^ 
CK 1 (CioTibf^^- K;55^?Bl$ix5o ^^^nr^x^ft-^ 

C K 1 755yN-f U^yKT) <h ^ , 7^;— K0K 1 3 0 2)5 h ^ 
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fc. :^ D:y^ft-^CK10S:teft-^CKl B;6Sn-u-< 
/i^{:ih^(DX\ hyVv?;^:^ PT 1 0. P T 1 1 
iit^ffi(;ifef9. h^^v^;=^.i5^PT 1 2, PT1.3;05^ii 

[0 0 4 4] KlHlSSl 3 0;6^ ^7:7=^:^^/ 

:/i;>::^^NT5 tNTGlCtl, A;^lli(li«*i[ElSS 1 0 0 

[0 0 4 51 ^^y^\%%(ZY.\iy^^->-<\y^)V1)^^u-- 
i^^Mz.'g^^mt^^}!^ K(H]8Sl 3 0;!55 Vy 

CT. h7>'e^>^>5?PT 1 0 t FT 1 l;65^iH^lifC/^ 

"O^^tL. h^^^v^;^^ PT 1 2 <!: PT 1 3;65^^ii^Jt 

NT5irNT6(;)Ams^i^^^^^:y5^|Hl8Sl 2 OCOh 
?>v^^^PT3<t PT4(Cj;oT«^$ixSo Sfcs 

^Vv^y^iJ'NT 3 i:NT4;0^|^i§iiiytMl-fo5<DT\ 

tiS^i(i«ffi;65^-r/'?v^i$^C 1 irC 2(cJ:oTt*J^$n 

[0 0 4 6] y y^m&\2Q\t. ^Dy^{t^CK2 

ti^/^^ \y-<)\.<nh:^ . ^ :y5^[HlS§ 1 2 Ofi, !Jir:yh^ 

[0 0 4 7] yy^m^l 2 07b^V±y h^—h*(Di: 
n :y ^{t-§-CK 2;5^/N-r U^/U, ^OS^W-^C 
K 2 B;65n — u^/ix(-fc5<7)X% h ^ >^v>>^i$^ P T 6 i 
PT7:i)mmm^m\Ch^. h^^v^;^^$'PT5;05i9ii 
4feffi{cfe5o :i(Dtz,ib^ h^v-v^^^^Pf 3i:PT4co 
K u-f :/;6?f5fSS:ai«JE Vcc<^ i/-</i-tc{¥:}$$ti.'5o - 
h7:^v^^i$'NT 7 tNT 1 0;652giit^M(C*>'5O 
T\ KNDc iNDdT^SBrFO^^yf^lHlKl 2 0(?DtH 

[0 0 4 8] rrT% 0tJx.l^^ n :y^ft-^CK 1 t CK 
2fi|g|3lC;^-r^-r ^^^^'e^«9#^:>'5<!:-r5o y 

1 3 0;657i^-/uK^- KcO<t ^ n ^{t#CK 2 ;d5 

yy^m^X 2 0fiyir:x h^- K;6^<bitlJ^- Kfc^ 
0#fc5o h^>'i^;^i5'PT5;55^»ii^^tli 

So K§] 19 KlE]S 1 3 0 CO h ^ Vi/ 



>y^lHlKl 2 0^CioTti^l®$^^. -?:(^^*. y-KN 

(c. ^^/^iHlSSl 2 0<7)J«i|iif^ffl(cJ;oT. A;^^liilt 

iHlHlSSl 0 0;6-55aj;'7^ix5^il3«JE(CiSi:T. SiHtJ^ 

[0 0 4 9] likiMmx.fz.x.okc^ ^mmmm^cx^ti 

[HlSSl 0 0tCj:oT. A;^m^VincJ:S?i«ffiVref t 
1 3 0 ti:^ n :y {f -§-c K 1 U^/\^(D Vy 

MM\^^^^tL^ -^fz. c 1 tC2{cX-o>x 

6 t> ^ ^PT3i:PT4 (c§J ^ ^t)^o 

^(D'ik. ^'^y^\t^'CK2{ziL^\:.Xyy'=f-Wi^l2 0 

J:o-c. K9]*9#x.ii:mi(c;!}^— /i-lElSSl 3 oco h7 
>'v^;^i57NT 5 cbNT ejC^SnS^KjmgStt^llSCTy- 
;/^lHlS&l 2 0(Cj:oTiii|ii$tt. xw'i^i^/^^— 
[0 0 5 0] ±i?fiL/cJ: ^fvl. /j^-yu KIhISS 1 3 0 dfc 

NT 6(0:ft^^Sr^i9mx.5r t(Cj:oT. h^5/:^r>^^/ 
V<Dt^^ Vy ly^'yy^ :^NT5i:NT6 (0%-^^^ V 
^>'v^;:^^PT8<t PT9(Cj:o-C«^$n. y y=^m 

SSi 2 0<D^—Y<n>^^myL\zt^t^f^h^^^'h^-'^\z 

Vv^v?.^NT 5 irNT 6 0:^^^i!j5:W]$JjT*^5o ^^(D 
tzib. yi-K[ElSSl 3 OSU^^-y^lHlKl 2 ooftf^. 

tcK2^mm<r>^^mz.^^ ^ :y^\cmm't^:zt7^^ 

T*#. yu K[hJ5§ 1 3 0 ty y^m^l 2 0(^^— K 
[00 5 1] ia4fl. JJ^-yUKlHlKl 3 0(D-m^mt: 

9 (c. Z(?:>«^fi?ijT*fi, ^Jx—yu K(e]^ l 3 0 a ^C:}o^.^T 
hyl^i^:!^^ t LT. pMOS hy^i^y^^ PT 1 0, 
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PTllCOfiiKC, nMOS h5>v^;^:^NT 1 1, NT 

<^lliSff0ffiic|{!-<T. pMOS h^V":^;^^^ PT 1 2 ^ 

FT 1 3(DiXio^\:i^ nMOS h9>'v^;^^^NT 1 1 t 
NT 1 2;65ffll/^e>iXTV^So 

[0 0 5 2] /^:Jo, KlHiSS 1 3 0 a ?r^ftft\ A. 

;^*l!j±t«tiilHl5§ 1 0 0 tyy'f-m^l 2 0(i. Ill4tc^ 

T. l2l4(Or3:/y>?U'^^(7);Js— /I. KlHiSS 1 3 0 
67J^-y^ KlElSS 13 0a ^CO^/^T. ^<0«^^it)fi(if^(C 

[0 0 5 3] >'v^;^^NT 1 l(7)y — h^V-v^ 
;^i$^NT 5(^ Kl/-r KU-f V-^^ Vv^ 

>^^PT8<D>!^-h^KU'-rvi: ^ 

fc. hy>i^:^^NT 1 1 irNT 1 2<D^— hitC^uy 

[0 0 5 4] ^5^D:x^57^t-^CKl7Il^^^-Y 
KlHiSS 1 3 0 a;&5 ^ 5, 

5o w(7)^t, h^>'v^;^^NT 1 i.irNT 1 2:d^*ii 
V^WAch^. h^>'>^;^^PTi oirPTi i^^^^S 
il^^tcfe^o wOZ-cit^. h^Vv^>^^PT8<tPT9;55 

h^^-v^^^^NTS irNT6(7)A?tS:«fi8;-r^o h'7 y 

^tl.'5^i(j1;JGE;6v h^>'v^;^^NT 5 (bNT 6tCi)StL 

1 i:C 2tcJ:oT«:}^$n5o 

[0 0 5 5] ^ n -/^{f-^CK 1 U-^y^^i^tb^- 
U-^/utc^D^tJ^*?:. KIhIK 1 3 0 a;^^ h^:y 

h^Vv^^^^J^NT 1 1 ^NT 1 22i)S^#ii^^^jCfo 
h^^^v^:^^ FT 1 0 ^ PT 1 1 ;65^iM)KffilCfc 
5p rtttCiSCT. 7:y^lHlKl 2 OCO h5>i^;^:^P 
T 3 tPT 4:^>h^>i^:^^NT 5 tNT 6(D^^^m 
^-r^o Tjx-yUKlHlSSl 3 0a<?5^-K;55^t)#toofc 
ht. :y<J7{a-^CK2;55^N-f U^/l^T&^Jb n — U^/U 
(C^'9#t>*?. ^^;/^[HlgSl 20Jiyiri/ h-^-KTi^b 

Bute h7Vv?>^^NT 5 t NT 6^c5Si^5®gS^7)Mlc/^^^ 

2 0;6-f>m;^J$tb^o 

[0 0 5 6] i^±iaP^ Lfc J: 0 (c. **igff^tetc 
&^ K^v-v^^^tJ^NTStNTe oMBSSKicS^ L. 



7Jn— K^— K(7)i: t . =3r-r>'^^>^^$^C 1 i: C 2{:ictoT 
A;^^Kliiitg|iI!!S 1 0 0(Otfi;^i«ffi^{S«Fi-5o y y^ 
lUSgl 2 OJiTi^— K[hI5§ 1 3 OCO h^:/v^:^^NT 5 

K<7)^J9#x.(C#oT. f>y Vv^y^^NT 5 t 
NT 6(7)Al^t/^S V'7lyi^::^^t^^^^7L<bth^t^. 

[0 0 5 7] ^ 3 ^m^m 

/D=r v^^— ^cD— JI:te?F$ffi^^i-llI5SiaT*fe6o 

RO, Rl, ••, Rn-1, Rn. =3 v/n' U—^^^ CM P 
1,.CMP2, CMP n:Rl/3iV=3-^ECDt;iJ: 

[0 0 5 8] ffijjL^^R 0, Rl, Rn-1. Rn 
(i«JE^ffi^^T 1 tT 2(OP«1(cE?^lJ«igg$ttTl^5o 
T 1 (c:S2MiJEVRT7)^Rl^JD$tt, ffi^-T 2(CfiSfpm 
J±VR B;6^fn*D$tb6o S^^^^RO, Rl. Rn 
-1, Rn^i5>JEffl}g:6l*^-T*fe^9. ri^e>C0ffifet^^ 
<om<OW^M.t^h. ^:=^l^^<\y—^CM'P\, CMP 
2, CMPn{C§t|^i-6S2i«EEVri, Vr2, 

[0 0 5 9] ^1^^<U—^ CMP \, CMP2, C 

MPnfi. ±M\^tz.miiBLXj^m2(ommMm\ci^\i^xm 

f^\.fz:^^m(D^>y<u-^[^x-:>xm^^f\.^o 

^tb. fdi:&oA;^ffi^J^5>i±ffl}gj7L^^tcj:oT^^$ 

So fi?'J;if^. ^CMP i(7)-:^(DA;^>i^T-{c 

A;^{t^Vin;^5Si^JD$ti,. {iL:)5(OXf)^^Kmmm&^ 

'^fc. =1 :^CMPn<D— j^CO 

A;^MS^^tcA;^j{t*Vin;55pnip^jx> ^lJ(OKti^^\z. 

[00 6 0] :3i:/rz — ^ECDfl. =i>'/nU— ^CMP 
1. CMP 2. CMP n<7>ttS:^{t-^Sr^>'=2— KL 

/i-r-^Dout A;^m-^Vin(^i/-^yu?:Sfifl:ffiV 
RTt VRB(^*f LT. v^^/WbLfcfii:^:^i-o 
[00 6 1] /«Cjb\ **Jfe?i^li(OA/D=i>^^-r5'fi. 

ioT. -m(D^^W}i^X—:>(0^^^^^mhi^i><D 
X\ ii5ii/^A/D^glS:limT-t5o *:«eg(0=i 
>y<u—i^^m\^^xm^^inX\^^^A/'D=ii^y<—^\z 
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2.= 

[0 0 6 2] 

[0 2] ^?sm(o^i(ommi&m<Dmi¥^^ir^-f 



[0 3] W|l^fe?^ffiOibf^Sr:^%•t-toW^V 
[US] ^mm<om2<DmmiBm<nm(Dmj^m^yr:-r^ 
[0 7] %^<Dz2i^y<\^~^(o--m^mi:^i-mnmx' 

[i^#rotii?^l 

1 0-A;'3i6»)tSi|'i[HlSS. 2 0 --^ -y^IelSl. 3 0-7 

y^y^n-yr. 1 0 0 -A;'3^ifli«i|SlHlK. IIO " 
7h— /UKEISS. 1 2 0"7S'^Ih18&. 1 3 0, 1 3 0 a 
-*-/UK|pI!S, Vcc-«M«ffi, GND-g^Jttmfe. 
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